supported nickel catalysts have also been reported to be effective for this reaction, but they suffer from serious deactivation due to carbon deposition, nickel particles sintering and phase transformation. Therefore, it is very important to improve the state of the Ni catalyst in order to overcome these disadvantages [5] .
Introduction
Natural gas, specifically methane, is one of the most important and available energy resources [1] . Catalytic steam reforming of methane (SRM) is well-established process for converting hydrocarbons into synthetic gas in industry. The SRM is currently the most cost effective and highly developed method for production of hydrogen. The SRM process is highly endothermic, and the reaction requires high temperatures of 700 -800°C [1, 2] . Besides, the reaction is always followed by the water gas shift reaction (WGS) catalysts with a high coking stability is required [3] .
Supported noble metals Pd and Pt have successfully been employed as highly active catalysts for steam reforming of methane to synthesis gas [4] ; however, their industrial application is not reasonable due to their high price. Traditional Steam reforming of methane over Ni-substituted Sr hexaaluminates.
One of the factors influencing activity of ANiAl 11 O 19 catalysts in SRM can be precursor containing nickel as homogeneously dispersed component in the composition. According to [9] , the reduction of such compositions results in formation of highly dispersed metal nickel on the surface of hexaaluminates.
The main requirement for the SRM catalysts is providing a high conversion of hydrocarbons at relatively low temperatures [10] . Here, we used Ni-substituted strontium hexaaluminate (SrO·6Al 2 O 3 ) with high thermal stability and high surface area as the support material. Due to the formation of a hexaaluminate phase, strontium hexaaluminate exhibited excellent heat resistance against sintering at high temperatures. Nickel ions have been introduced using mixed solution of Ni(NO 3 ) 2 and Al(NO 3 ) 3 or mixed solution of Ni(NO 3 ) 2 and Sr(NO 3 ) 2 . The aim of the present work is to study the influence of the substitution of strontium and/or aluminum ions by nickel ions on phase composition, specific surface area, reducibility of aluminates, surface and catalytic properties of Ni-substituted Sr-hexaaluminates in SRM. [11, 12] . The subsequent calcination of samples was carried out at 1200°C for 4 hours in a muffler. Steam reforming of methane over Ni-substituted Sr hexaaluminates.
Experimental Procedure
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Catalyst activity
Catalytic properties of samples were investigated using setup with flow reactor and chromatographic analysis of the gas mixture. The initial catalyst was reduced at 900°C in the gas mixture of 5%H 2 /He for 1.5 hours. After reduction, the reactor was purged by argon and cooled down to 700°C. The catalytic activity of reduced samples was tested using a mixture of 33 vol.% СН 4 and 66 vol.% Н 2 О at a total flow rate 100 ml/min.
The catalyst volume was 1.0 cm 3 , and space velocity was 6000 h -1
. Analysis of gas composition was carried out using chromatograph "Crystal 2000M" equipped with the thermal conductivity detector. CH 4 and CO 2 concentrations were determined using column with sorbent Porapak QS (length 3 m, 35°C). CO and H 2 concentrations were determined using column with molecular sieves NaX (length 2 m, 35°C). The carrier gas was argon.
Results and Discussion
3.1. Phase composition and specific surface area of samples Figure 2 and Table 1 X-ray photoelectron spectroscopy was applied for characterization of the surface contents of elements. XPS measurements were performed on a SPECS's spectrometer equipped with an X-ray source XR-50M with a twin Al/Ag anode, an ellipsoidal crystal monochromator FOCUS-500, and a hemispherical electron energy analyzer PHOIBOS-150. The corelevel spectra were typically obtained using monochromatic MgKa radiation (hn = 1253.6 eV). The binding energy was calibrated using the peak of C1s (Eb = 284.8 eV). The surface contents of elements were calculated from the related XPS peak area taking into account section of photoionization of corresponding terms [16] . Deconvolution of the spectra on individual components was used for detailed analysis. The shape of the lines were fitted using Lorentz and Gauss functions and spectra were background-subtracted using a Shirley fit algorithm [17] . The samples calcined at 1200°C were investigated by XPS. Before testing the samples were additionally dried at 110°C for removal of physically adsorbed water and supported on double-sided scotch paper. 
Temperature-programmed reduction by hydrogen
It is known that catalytic activity in steam reforming of methane is determined by metal nickel particles. It is assumed that interaction between reduced metal and specific structure of support are important for prevention of metal particles sintering.
Therefore, the reducibility of samples by hydrogen has been investigated.
According to [20] shown that all samples contain Sr, Ni, Al, O, and C in the surface layer. Table 2 presents the results of quantitative analysis of samples surface.
As can be seen, the chemical surface composition differs from the bulk one ( Figure 4d shows the Ni2p spectra of samples. Due to spinorbit interaction, the Ni2p spectra are described by doublet Figure 5 and Table 3 show these properties.
According to the obtained results, the gas contains residual methane and the reaction products CO, CO 2 , H 2 , and its amount is determined by the catalyst nature. Thus, together with SRM side WGS reaction gives a small amount of CO 2 products. This is consistent with the endothermic feature of the SRM reaction.
The SRM activity increases with temperature [35] . Table 3 .
Thus, the activity estimated by the residual amount of methane is practically the same for the samples SrNi-1 ÷ SrNi-3 (0.9 ÷ At the same time it is well-known that activity of Ni-containing catalysts in this reaction depends on particle size of metal nickel, which is formed during reduction of the samples. Comparison of catalyst activity in steam reformation of methane with H 2 -TPR results reveals that the higher the reducibility of the catalyst, the higher its activity. It should be noted that prior reduction of the catalysts has been carried out at 900°C, while the reaction has been tested at 700°C. Hence, the metal nickel particles formed after reduction do not sinter at the reaction temperature. This activity is higher than that of a reference sample 8 wt.% Ni/ Mg-Al-O (Table 3) . It is noteworthy that the 8 wt.% Ni/Mg-Al-O sample is given in this paper as reference sample for studying dependence of catalytic properties of Ni-containing catalysts in steam reforming of methane on the nature of nickel species, supported or incorporated in the catalyst structure. According to Roh and et al. [36] , the precipitated Ni-containing catalysts are more active than supported ones.
TEM results (Figure 6 ) for the reduced Ni/Mg-Al-O, and SrNi- 
